Gait is a key function of human movement which plays an important role in motion analysis. Both in the clinical field and in rehabilitation, gait analysis is useful to evaluate the parameters that are modified following the administration of a protocol of adapted physical activity (APA). Gait parameters could be measured using traditional rating scales, such as the Short Physical Performance Battery (SPPB) and technologies as a support to provide an assessment of gait quality. The aim of this study is to increase the objectivity of gait data obtained before and after a targeted APA program for a group of elderly people by integrating the traditional SPPB rating scale with the G Walk digital system. The former is an assessment tool to evaluate the functioning of lower extremity, in terms of chair stand, walk, and standing balance; whereas the latter can objectively evaluate the parameters of the gait. The sample was composed of 11 adults aged between 67 and 94 years. The participants were chosen on the basis of a number of tests carried out to analyze their levels of autonomy, intellectual capacities and motor functioning. It has planned a six months APA protocol: before and after it, SPPB and G-Walk were administered. The results showed that space-time characteristics generally improve after APA intervention; therefore, the use of technology is a useful support for the evaluation scales.
Introduction


Gait is a repetitive sequence of movement of the lower limbs in order to advance the body while maintaining the stability of the support. Since each sequence includes a series of interactions between the various segments of the lower limbs and the total body mass, these interactions can be studied from three different aspects: the first divides the gait cycle based on the contact of the foot to the ground; the second considers the spatio-temporal parameters, while the third examines the functional aspects [1] .
As outlined by Whittle [2] , studies on gait analysis have mostly concentrated on investigating difficulties in walking. A lot of studies, therefore, have aimed at using gait analysis to identify motor problems and to look for benefits of normal gait. With the improvement of methodologies for data collection, the major limitation hasn't been the high quality of data production, but knowing how best to use this data for people's benefit. Therefore, both for clinical and scientific improvement, there has also been a growing interest in the use of observational or visual gait analysis [3] .
Some examples of scales that have been developed to measure movement as part of a broader evaluation of disability include: Instrumental Activities of Daily Living (IADL) [4] , the Barthel Index [5] , Activities of Daily Living (ADL) [6] , Tinetti Performance-Oriented Mobility Assessment (POMA) [7] , and the Short Physical Performance Battery [8] . In addition to these scales, the new technologies are a useful support, which can complement and enrich the meaning of the extent of existing assessment tests. The integration of quantitative data comes from the need to use information that can be obtained using new technological systems [9] that provide data related to kinematics and dynamics which traditional scales do not supply, such as the orientation of the body segments, forces and displacements in space.
Especially among the elderly, it is important to evaluate the mobility with standardized tools, such as structured assessment scales, and with the support of technological research tools to integrate traditional evaluations to provide more objective data. Moreover, the traditional rating scales used to analyze gait parameters are partly subjective since the researcher is required to observe the quality of a patient's gait by making him/her walk. In this case, the measure needs precise objective evaluation of different gait parameters that new technologies can give with efficient measurement. This is because they reduce the margin of error caused by subjective techniques [10] . The application of new technologies to the analysis of human movement, in fact, is an important support to traditional rating systems in order to provide an assessment of gait quality that can be used in combination with other measures to monitor the mobility, and as a predictive tool for possible disability [9] .
Objective
The aim of this study is to integrate the traditional rating scales with digital systems with the correlation of gait data in older adults using two instruments: the Short Physical Performance Battery (SPPB) [8] and G Walk (BTS Bioengineering ®), before and after six months APA intervention. The former is an objective assessment tool for evaluating the functioning of lower limbs, in terms of standing balance, walk and chair stands, whereas the latter can objectively evaluate gait parameters. Therefore, referred to gait analysis, this pilot study aims to increase the reliability and validity of the data collected between the two instruments in order to support the observation with an instrumental analysis.
Materials and Methods
Setting
Project Freedom (Function of research on exergames to expand opportunities for educational mobility of the elderly) aimed at promoting physical activity and mobility in old age, to slow the decline in motor skills, which is evident also in gait characteristics. During project Freedom, promoted by the University of Salerno, a pilot study was carried out with the aim of correlating data collected on gait parameters of 11 adults between the ages of 67 and 94 years (Standard Deviation 14.8; Average 77.08). The participants came from an elderly people's home in Salerno, which provides social aid for the elderly [11] .
Participants
Participants resided at the old people's home at the time. They were chosen on the basis of a number of tests carried out to analyze their levels of autonomy, intellectual capacities and motor functioning. score of the overall performance is calculated by the sum of the three categories (range 0 to 12) [8] .
Instruments
The G-Walk is a digital gait analysis system which can consider the parameters of gait using a system consisting of an inertial sensor connected via Bluetooth to a computer that provides the possibility to define both the parameters of space and time of the rotation of the pelvis. It is an accelerometer to measure acceleration that can produce an output voltage or capacitance proportional to acceleration. The sensor is placed around the waist with an ergonomic belt. Hence, the subject is totally free to walk, run and jump [12] .
APA Protocol
Adapted physical activity (APA) aims to prevent disease and to counter the damage caused by the physiological decline of psychomotor function in old age. Among the elderly, activity restriction is an independent predictor of decline in physical function. In recent years, in fact, the progressive aging of the population leads to reflections on the importance of the prevention of diseases related to aging, in order to promote active lifestyles among the elderly [11] .
Engaging in adapted physical activity can also slow down the decline in mobility in old age, which is also evident in gait characteristics. In fact, a different locomotion can implicate incidences of fall [13] [14] [15] . In this study, APA intervention was structured twice a week in progressive more complex lessons that are possible to divide into three phases: neuromuscular activation (walking, sailing), nuclear phase (muscle strengthening exercises, joint mobility, coordination and balance) and cool down (walking, exercise inhaling and exhaling).
Results and Analysis
The results show that adaptive physical activity can have positive effects among the elderly in terms of: change in speed, cadence (number of steps per minute), single and double support duration, space-temporal characteristics, duration stance phase, change in phase of flight, and gradient acceleration. In particular, the data shows that space-time characteristics generally improve after the APA intervention. This has been evidently recorded both in the SPPB data as well as in G-Walk (Table 2) .
SPPB data generally improved after APA intervention ( Table 3 ). The sum of the average of data obtained of the three subtests show higher scores regarding the functionality of the lower limbs.
Referred to the output results, it is possible to extract percentages clarifying the effects of the protocol APA carried out.
The correlation between SPPB and G-Walk is evident when we compare the positive results of gait speed and cadence with the improvements in gait SPPB test. With reference to the "no variation" data, the stability of the motor performance in the elderly is a positive indicator because a simple slowing or stopping the physiological decline of motor functions, is still a positive result among the elderly [16] .
In relation to the speed of walking, it is possible to standardize the scores on a scale ranging from 0 to 4, also for G-Walk data.
Starting from the path of SPPB subtest, it's possible to derive the data speed using the formula (Table 4) .
As with the data relating to SPPB speed scores, also the scores obtained through G-Walk can be assigned a score ranging from 0 to 4 for the motor performance so as to make the correlation between the two possible. Table 5 provides the ranges. The ranges in Table 5 were used to produce the following data (Table 6) , converting G-Walk raw scores into speed scores using the SPPB Scale ranges.
The correlation of the data obtained regarding speed, using both SPPB and G-Walk at pre-activity (in) and post-activity (out) phases is presented below (Table 7) .
In 54% of the cases, there is an exact match of the pre-activity data between the instruments used; the correspondence of the post-activity data is of 64%.
Discussion and Conclusions
The link between inactivity and health can lead to hypokinetic diseases. Thus, an increase in physical activity can improve the quality of life among the elderly. In fact, there are a lot of reasons to practice structured and regular physical activity among elders, to improve conditions of diseases such as obesity, diabetes, hypertension, cardio-vascular disease, osteoporosis and so on [17] .
A structured adaptive physical activity also produces improvements in balance and gait [18, 19] . A lot of gait characteristics change with aging. With age, for example, a decline occurs in gait speed, particularly in step or stride length rather than a decrease in cadence. Also after age 75 or 80, other characteristics are evident such as shorter and broader strides, decreased vertical and increased horizontal head excursions, decreased limb excursions, longer stance and shorter swing durations and slower cadence [20] .
Although this research can be considered a pilot study, it is important to highlight the validity of an objective evaluation in gait analysis for the elderly, especially before and after the application of a structured protocol of adapted physical activity. The parameters taken into consideration for this research demonstrate the possibility of quantifying possible variations in elderly gait.
It would be interesting to continue research to compare the parameters obtained as a result of observation and administration of rating scales with the traditional support of the data provided by the new technologies. The study opens interesting prospects for the future because it shows that the instrumental analysis is a useful support for rating scales.
